A DEVICE FOR CONTINUOUS AERATION 4, 6, 14) only the roots are maintained in a sterile medium. In others (3, 5, 7, 11, 12, 13, 15, 16) the entire plant is enclosed. None of these techniques for aseptic culture of enclosed whole plants provides concurrently for continuous flow of the nutrient solution and for forced aeration, although such a method for excised roots has been reported (9) . A simple device which accomplishes both of these purposes is described here. It which is used to close the culture tube, and (5) a 1/4 inch O.D. T-shaped glass connecting tube, with one arm of the "T" inserted through the 2-hole stopper which closes the culture tube, the other arm joined by rubber tubing to a short length of capillary glass tubing (nutrient solution inlet), and the leg of the "T" connected by rubber tubing to a second length of capillary glass tubing (air inlet). Because of the desirability of sterilizing the unit without disassembling it, all rubber stoppers and tubing should be resistant to steam sterilization and all glassware should be of pyrex or other heat-stable glass.
Several parts of the apparatus serve dual purposes. The heavy glass pressure flask is both a support for the culture device and a sump for the flowing nutrient solution. The glass tubing which elevates the culture tube above the pressure flask also provides an overflow for the nutrient solution in the culture tube and an air outlet. The glass beads act both in promoting aeration of the nutrient solution and in anchorage of the roots. The T-shaped connecting tube permits simultaneous entry of air and nutrient solution into the culture tube, although rates of flow of air and nutrient solution may be independently regulated.
When the device is in operation, nutrient solution enters the T-shaped connecting tube from the lower arm of the "T," air enters from the leg of the "T," and both air and nutrient solution pass together through the other arm of the "T" into the culture tube. It The chief possibility of contamination in this device, as with most others, is through introduction of fungal spores or bacteria into the culture chamber along with the seed or seedling. Fungal contamination is more readily controlled than is bacterial contamination. If absence of growth of microorganisms on selective bacterial or fungal media inoculated with nutrient solution effluent is used as evidence of sterility, all cultures in some later tests were apparently free of fungi, but not more than 70 % of these later cultures were free of bacteria. Their complete freedom from fungal contamination seems to indicate, however, that if bacteria-free seeds or seedlings are introduced into the culture chambers, the apparatus as described here will keep them sterile.
Two methods of starting plants in the culture tubes have been used with the aseptic culture setup described here. One method involves the surface sterilization of seeds with hypochlorite solution under reduced pressure, the thorough rinsing of the seeds with sterile water, and the aseptic transfer of the seeds to the culture chamber, where they are allowed to germinate while resting on the glass beads. This method has two distinct disadvantages, first that all seeds may not germinate, thus eliminating some cultures, and second that microbial contamination is not easily detected. The second method has been found to be more satisfactory. In this method, the seeds are surface-disinfected as before, but then are transferred aseptically to sterile nutrient-agar media in petri dishes where they are germinated. Only the healthy seedlings which show no evidence of contamination are then transferred aseptically to the culture chamber where their growth continues under sterile conditions. Care must be taken to orient the seedlings properly on the glass bead support. Otherwise the developing roots are delayed in reaching firm anchorage.
Checks for contamination during the progress of an experiment may be made either by plating out the effluent from the culture chamber on media which favor rapid appearance of bacterial or fungal colonies, or more conveniently, if specific organisms are not to be identified, by merely placing a small quantity of glucose in the bottom of the pressure flask before the apparatus is autoclaved. Nonsterile cultures quickly develop cloudiness in the overflow nutrient solution if glucose is present.
As with other sterile-culture devices in which the entire plant is enclosed, the apparatus described here poses the problem of growth of plants in an atmosphere of high humidity. An overhead bank of 40-watt fluorescent lamps, spaced at 2 inch intervals, with a ratio of five "soft white" to one "daylight" lamp, has been found to provide adequate illumination (about 1000 fc at the top of culture tubes) without evidence of excessive heating. But even in an air-conditioned room in which temperatures are closely controlled, it has been found that there is some condensation of water on the inner walls of the culture tubes, especially in tubes located at the border of the bank of overhead lights. However, this has not seemed to produce abnormal seedlings, even in cultures which are found to be contaminated. The high humidity might nevertheless be expected in some cases to complicate experiments in which pure cultures of microorganisms are deliberately introduced. Seedlings generally have been maintained in the growth chambers for two to four weeks in apparently normal condition, and culture for longer periods seems limited mainly by lack of growing space.
Certain modifications of this device would be useful under special conditions. For very small seeds and seedlings, the filter paper cone support described by Audus (1) might advantageously be substituted even for the small (3 mm) glass beads. If the plant is to be introduced into the culture chamber as a seed rather than as a seedling, the seed could be inserted into the culture tube with less risk of contamination if dropped through the hole of a rubber stopper closing the top of a glass cylinder of the type used by Loo (13) , than if the entire tube must be detached to permit insertion of the seed as is done here. However, the stopper at the top of the tube would reduce the effectiveness of overhead lighting.
The author is indebted to Mr. M. S. Engel for assistance in certain phases of this work, to the Alrose Chemical Company for furnishing several iron-complexing sequestrants used in the study, and to Dr. and the subsequent analysis of only the acid soluble portion of the nodules for N15. Lincoln variety soybeans were used originally (2), and the present paper describes an extension of the testing method to excised nodules from other varieties of leguminous plants.
The methods used were modified only slightly from those already described (2). The nodules were picked and sized through a cascade of 4 plastic cups with perforated bottoms which would retain nodules of the following, sizes: Size 1, over 6 mm in diameter; size 2, between 5 and 6 mm in diameter; size 3, between 4 and 5 mm in diameter; size 4, less than 4 mm in diameter. The screened nodules were washed in ice water, rapidly weighed and transferred to Warburg vessels containing 0.5 ml H20, and gassed with a mixture of 10 % N215, 20 % 02, and 70 % He. The N,15 contained 31 atom % excess N15. The flasks were shaken for 1 or 2 hours at temperatures from 22 to 24°C. The nodules then were ground with 5.0 ml of 3 N HCI. The mortar was rinsed with two 5 ml portions of 3 N HCI, and the mixture was centrifuged. The supernatant was subjected to Kjeldahl digestion; the ammonia was distilled, converted to N2 with alkaline hypobromite, and analyzed for N15 concentration with a Consolidated-Nier ma,ss spectrometer. 
